INTRODUCTION
IT is widely accepted that the modern cultivated wheats such as Triticum aestivum (AABBDD) and Triticum durum (AABB) are, respectively, allohexaploids and allo-tetraploids derived from hybrids between diploid species of the Triticinae viz. T. monococcum (AA), Aegilops squarrosa (DD) and Aegilops speltoides (BB) . A question which arises is to what extent, if any, the chromosomes of the ancestral diploid species have changed subsequent to the hybridisation and polyploidy which gave rise to these modern allopolyploids. To answer this question three types of comparisons between the chromosomes of the diploids and polyploids can usefully be made. They are comparisons with respect to the size of chromosomes, their total dry mass and the DNA component of their mass.
Using chromosome length as a measure of chromosome size, Bhaskaran and Swaminathan (1960) show significant variation between the chromosomes of the diploids, the tetraploids and the hexaploids. Pal and Swaminathan (1960) use this evidence together with information on DNA content obtained by Bhaskaran and Swaminathan (bc. cit.) to support an hypothesis which claims that a diminution in chromosome size and DNA content has occurred during the evolution of the wheats. The DNA results obtained by Bhaskaran and Swaminathan are, however, questionable ; see also Upadya and Swaminathan, 1963) so that the main evidence for a chromosome diminution in the allopolyploids rests on comparisons between chromosome size based on measurements of length. The validity of length alone as a measure of chromosome size is also questionable. It does not take into account variation attributable to differences in chromosome coiling. Estimates of size based on chromosome volume are, in this respect, preferable and have been used in this present work.
Measurements of the dry mass of chromosomes provide further and more precise information about structural changes, such as large scale diminution or, for that matter, accretion of chromosome material that may have taken place during this evolutionary process. In conjunction with DNA measurements the estimates of dry mass of the chromosomes also make it possible to ascertain whether the components of the chromosome mass, the DNA and non-DNA material, vary independently of one another between the diploids and their polyploid descendants. In other words, they permit comparison of a qualitative as well as a quantitative kind between the modern and ancestral forms. Chromosome measurements were made in several species of the Triticinae other than those already mentioned. Together they provide useful information upon the relations and interrelations between various aspects of chromosome organisation within the family. IT is widely accepted that the modern cultivated wheats such as Triticum aestivum (AABBDD) and Triticum durum (AABB) are, respectively, allohexaploids and allo-tetraploids derived from hybrids between diploid species of the Triticinae viz. T. monococcum (AA), Aegilops squarrosa (DD) and Aegilops speltoides (BB) . A question which arises is to what extent, if any, the chromosomes of the ancestral diploid species have changed subsequent to the hybridisation and polyploidy which gave rise to these modern allopolyploids. To answer this question three types of comparisons between the chromosomes of the diploids and polyploids can usefully be made. They are comparisons with respect to the size of chromosomes, their total dry mass and the DNA component of their mass.
Using chromosome length as a measure of chromosome size, Bhaskaran and Swaminathan (1960) show significant variation between the chromosomes of the diploids, the tetraploids and the hexaploids. Pal and Swaminathan (1960) use this evidence together with information on DNA content obtained by Bhaskaran and Swaminathan (bc, cit.) to support an hypothesis which claims that a diminution in chromosome size and DNA content has occurred during the evolution of the wheats. The DNA results obtained by Bhaskaran and Swaminathan are, however, questionable (Rees and Walters, 1965 ; see also Upadya and Swaminathan, 1963) so that the main evidence for a chromosome diminution in the allopolyploids rests on comparisons between chromosome size based on measurements of length. The validity of length alone as a measure of chromosome size is also questionable. It does not take into account variation attributable to differences in chromosome coiling. Estimates of size based on chromosome volume are, in this respect, preferable and have been used in this present work.
Measurements of the dry mass of chromosomes provide further and more precise information about structural changes, such as large scale diminution or, for that matter, accretion of chromosome material that may have taken place during this evolutionary process. In conjunction with DNA measurements the estimates of dry mass of the chromosomes also make it possible to ascertain whether the components of the chromosome mass, the DNA and non-DNA material, vary independently of one another between the diploids and their polyploid descendants. In other words, they permit comparison of a qualitative as well as a quantitative kind between the modern and ancestral forms. Chromosome measurements were made in several species of the Triticinae other than those already mentioned. Together they provide useful information upon the relations and interrelations between various aspects of chromosome organisation within the family. The total chromosome volume was estimated from the total chromatid length, measured at metaphase by means of a micrometer eyepiece, and from the mean chromatid width obtained from a random sample of ten chromatids per cell. Calculation of the volumes in each metaphase was made on the assumption that the chromatids are cylindrical in form.
Metaphases were scored in three root-tips in at least three seedlings in each species (see Plate I).
Slides were prepared by the Feulgen method after immersion of the root tips in water at 4° C. for 24 hours and fixation in acetic alcohol. Preparations were made permanent by mounting in Euparal. All the chromosomes measurements were made from these permanent preparations. It is important, in this context, to note that these measurements are not necessarily directly comparable to others made on temporary slides or from slides prepared by other staining methods.
(ii) Estimation of nuclear dry mass Estimates of total nuclear dry mass were made by interference microscopy (see Barer, 1956; in nuclei isolated from root tips by a technique devised by . All estimates of volume and of dry mass were made in seedlings aged 5-7 days. This minimises any variation in chromosome size or mass due to "age" (Bennett and Rees, 1967) . The total chromosome volume was estimated from the total chromatid length, measured at metaphase by means of a micrometer eyepiece, and from the mean chromatid width obtained from a random sample of ten chromatids per cell. Calculation of the volumes in each metaphase was made on the assumption that the chromatids are cylindrical in form.
(ii) Estimation of nuclear dry mass Estimates of total nuclear dry mass were made by interference microscopy (see Barer, 1956; in nuclei isolated from root tips by a technique devised by . All estimates of volume and of dry mass were made in seedlings aged 5-7 days. This minimises any variation in chromosome size or mass due to "age" (Bennett and Rees, 1967) . significant variation between the two AABB tetraploids T. durum and T. dicoccoides (P<O2). There is, however, a significant difference between the chromosome volume of T. timopheevi and those of the AABB tetraploids (P< 0.01). This would tend to support the view that T. tinwpheevi has a different ancestry from the other tetraploids . Ae. squarrosa (DD) (P = >0-40), although the average chromosome volume of these three species is significantly lower than that of the AA diploids.
(b) Expectations
Assuming no chromosome changes affecting their volume have taken place subsequent to the initial hybridisation, we should expect the sum of chromosome volumes in AA and BB to equal that found in AABB tetraploids and that the chromosome volumes of AABB plus that of DD should equal the volume in the present AABBDD hexaploid. The expected values along with those observed appear in table 3. The observed values do not differ significantly from those expected.
For a, P = >0-9; for b, P = >030. There is no indication of a reduction or indeed of any change in chromosome size as a consequence of polyploidy. CHROMOSOMES OF TRITICINAE 197 significant variation between the two AABB tetraploids T. durum and T.
dicoccoides (P <0.2). There is, however, a significant difference between the chromosome volume of T. timopheevi and those of the AABB tetraploids (P <0.01). This would tend to support the view that T. timop/zeevi has a different ancestry from the other tetraploids . Assuming no chromosome changes affecting their volume have taken place subsequent to the initial hybridisation, we should expect the sum of chromosome volumes in AA and BB to equal that found in AABB tetraploids and that the chromosome volumes of AABB plus that of DD should equal the volume in the present AABBDD hexaploid. The expected values along with those observed appear in table 3. The observed values do not differ significantly from those expected.
For a, P = >0•9; for b, P = >030. There is no indication of a reduction or indeed of any change in chromosome size as a consequence of polyploidy.
(2) Chromosome length
Measurements of chromosome length made during the present work (see tables 2 and 4) agree with those of Bhaskaran and Swaminathan (1960) in so far as the observed values in the hexaploid are significantly lower than the lengths of AABB + DD (P = <0.001). The shorter chromosome lengths observed in the hexaploid cannot, in the light of the results on chromosome volumes, be interpreted as reflecting a diminution of chromosome material. Rather do they indicate a difference in organisation, presumably in coiling. They are of interest in so far as they may well reflect a greater compaction of chromosomes conferring mechanical advantages with increasing chromosome number (Darlington, 1937) . There is no significant difference between the observed and expected values in the tetraploids (P >0.30). Estimates of the nuclear dry mass in root tip meristems of seven species of the Triticinae are given in table 5. In table 6 are the expected and observed values for the nuclear dry mass in tetraploid and hexaploid cultivated wheats. Total mass x l0 gm.
x 10" gm.
x 10-" gm. Measurements of chromosome length made during the present work (see tables 2 and 4) agree with those of Bhaskaran and Swaminathan (1960) in so far as the observed values in the hexaploid are significantly lower than the lengths of AABB + DD (P = <0.001). The shorter chromosome lengths observed in the hexaploid cannot, in the light of the results on chromosome volumes, be interpreted as reflecting a diminution of chromosome material. Rather do they indicate a difference in organisation, presumably in coiling. They are of interest in so far as they may well reflect a greater compaction of chromosomes conferring mechanical advantages with increasing chromosome number (Darlington, 1937) . There is no significant difference between the observed and expected values in the tetraploids (P > 0.30).
(3) Dry mass of nuclei
Estimates of the nuclear dry mass in root tip meristems of seven species of the Triticinae are given in table 5. In table 6 are the expected and observed values for the nuclear dry mass in tetraploid and hexaploid cultivated wheats. Investigations over a wide range of species show, in general, a close correlation between chromosome volume, nuclear DNA content and the nuclear dry mass Rothfels et at., 1966) . Using the DNA estimates of , comparisons have been made between these three characters in five of the Triticinae species. From the graphs in figs. 1, 2 and 3 it is clear that all three characters are very closely related in a simple linear fashion.
The earlier results, dealing with each of the three characters separately, indicated that the chromosomes have remained constant in volume, total mass and DNA content, throughout the evolution of the cultivated wheats. It follows from the comparisons represented in figs. 1, 2 and 3 that there is also a strict parallel in the variation of the characters relative to one another, a constancy with respect to the ratios, nuclear mass/chromosome volume, DNA! chromosome volume and DNA/nuclear mass; a constancy pertaining both to diploids and polyploids, to the cultivated and to the ancestral forms.
(b) Chromosome length and DNA When chromosome length is plotted against nuclear DNA ( fig. 4 ) the relationship is not of a simple linear kind as was the case with chromosome volume. Fig. 4 shows a distinct and significant curvilinearity (P = <0.05). Investigations over a wide range of species show, in general, a close correlation between chromosome volume, nuclear DNA content and the nuclear dry mass Rothfels et at., 1966) . Using the DNA estimates of , comparisons have been made between these three characters in five of the Triticinae species. From the graphs in figs. 1, 2 and 3 it is clear that all three characters are very closely related in a simple linear fashion.
The earlier results, dealing with each of the three characters separately, indicated that the chromosomes have remained constant in volume, total mass and DNA content, throughout the evolution of the cultivated wheats. It follows from the comparisons represented in figs. 1, 2 and 3 that there is also a strict parallel in the variation of the characters relative to one another, a constancy with respect to the ratios, nuclear mass/chromosome volume, DNA! chromosome volume and DNA/nuclear mass; a constancy pertaining both to diploids and polyploids, to the cultivated and to the ancestral forms. The same is true of length and nuclear dry mass ( fig. 5) . Per unit length the mass, including DNA, is significantly greater in the hexaploid than in the diploid and tetraploid species. This information serves in effect to confirm the earlier conclusion that the chromosome organisation changes, becoming increasingly compact, with increasing ploidy. As suggested earlier the compaction is probably the result of increased metaphase coiling and may well serve an adaptive function (Darlington, 1937) . A shorter chromosome length in the polyploid wheats has been reported by others  Bhaskaran and Swaminathan, 1960) . It must be emphasised, however, that the shorter length does not, as has been claimed, reflect a diminution
The same is true of length and nuclear dry mass ( fig. 5) . Per unit length the mass, including DNA, is significantly greater in the hexaploid than in the diploid and tetraploid species. This information serves in effect to confirm the earlier conclusion that the chromosome organisation changes, becoming increasingly compact, with increasing ploidy. As suggested earlier the compaction is probably the result of increased metaphase coiling and may well serve an adaptive function (Darlington, 1937) . A shorter chromosome length in the polyploid wheats has been reported by others  Bhaskaran and Swaminathan, 1960) . It must be emphasised, however, that the shorter length does not, as has been claimed, reflect a diminution 2. There is no detectable change in chromosome volume, mass or DNA in conjunction with the hybridisation and polyploidy which gave rise to the cultivated species.
3. Chromosomes in the hexaploid, Triticum aestivum, are shorter than in its tetraploid and diploid ancestors. The contraction is not, as has been 2. There is no detectable change in chromosome volume, mass or DNA in conjunction with the hybridisation and polyploidy which gave rise to the cultivated species.
3. Chromosomes in the hexaploid, Triticum aestivum, are shorter than in its tetraploid and diploid ancestors. The contraction is not, as has been claimed, a reflection of a diminution in the chromosome material but, rather, of its reorganisation. 4. Comparisons between species show that the chromosome volume, dry mass and DNA content are linearly related. The linearity testifies to the constancy of each component relative to the other throughout the group. 5. The mass of the nucleolus is disproportionately iow in polyploids as compared with diploids. 
